INTRODUCTION
Cancer is a disease that occurs more frequently in later life, and the proportion of cancers that occur in the elderly is increasing relative to younger age groups. By 2030, over 70% of all cancers are expected to occur in people aged over 65 years. 1 Proposed mechanisms for the increased incidence of cancer in the aging popula tion include an accumulation of genetic and cellular damage, prolonged exposure to carcino gens, and fundamental changes in the host environ ment. Cancer and aging are intimately linked at the most basic level: convergent mech anisms protect against both aging and cancer (e.g. antioxidant defenses), while the pathways regulating cellular prolifera tion typically exert divergent or opposing effects; specifically, protecting from cancer but promoting aging. 2 The presence of age-related physio logical changes in elderly patients, plus common comorbid conditions, presents clinicians with challenges that require specific knowledge of geriatric oncology. 3 Bladder cancer illustrates well the associ ation between cancer and aging, and occurs most commonly in the elderly: the median age at diagnosis is 69 years for men and 71 years for women. 4 Bladder cancer is also the fourth and eighth most common malignancy in men and women, respectively, and the number of diagnosed cases is increasing annually in the US (Figure 1 ). 5 In 2008, a Californian tumor registry study showed that the incidence of bladder cancer peaks at the age of 85 years, with a rate of increase roughly 10-fold higher than that seen in younger age groups. 6 Advanced age may be associated with worse outcome, but stage and grade at diagnosis remain key determi nants of prognosis. Advanced age seems to increase the risk of higher-stage cancer (Table 1) , and also of high-grade disease if the cancer is found to be superficial. [7] [8] [9] High-grade or muscle-invasive tumors are much more likely to progress and metastasize than low-grade, low-stage cancers, and the 5-year survival rates in patients with high-grade or muscleinvasive tumors are as low as 6%. 10 The overall probability of developing invasive disease increases with age, rising from 0.01-0.02% before age 40 years, to 1.2-3.7% for those aged over 70 years ( Figure 2 ). 5 The management of high-grade disease in the elderly is costly and challenging. The current standard of care for superficial highgrade or recurrent low-grade disease remains intravesical immunotherapy with bacillus Calmette-Guérin (BCG). Cystectomy with reconstructive surgery is the current standard of care for invasive or recurrent superficial disease. Chemotherapy and radiation therapy can be used in conjunction with cystectomy, as either bladder-sparing therapy or as palliative treatment. The annual costs of caring for patients with muscle-invasive bladder cancer can exceed $35 million. 11 The goal of this article is to review the current literature addressing both the clinical and mechanistic interactions between bladder cancer and aging, while also encouraging future progress in these fields through the formulation of a research agenda.
CLINICAL OUTCOMES IN ELDERLY PATIENTS WITH BLADDER CANCER Superficial bladder cancer
Relatively little has been published regarding the efficacy of treating superficial disease in elderly patients (Table 2) . A retrospective phase II database review from a multicenter trial found that overall response to either BCG or BCG plus interferon α was decreased in participants aged 80 years or over compared with younger patients. 12 At 24 months' followup, absolute response was reduced by 22% in patients aged 80 years or over compared with patients aged 61-70 years (39% vs 61%). Age remained a significant variable for decreased response to therapy after controlling for multiple other relevant variables.
The only other published study of elderly patients with superficial bladder cancer reported 20 years' experience at a single institution. 13 Outcome measures included initial response to BCG and tumor-free recurrence. When the series was stratified by an arbitrary age of 70 years, a small but significant difference was seen in tumor-free recurrence, favoring the younger group. Increased age seemed to confer a less-durable response to BCG, earlier recurrences and a shorter cancer-free survival time. Nonetheless, following multivariable analy sis, only tumor stage and grade remained as significant predictors of response to therapy. Muscle invasion doubles the risk of complications in patients with bladder cancer, while adding roughly $700 per month to the cost of care. 11 As patients with muscle-invasive disease age, the number of clinically relevant comorbidi ties dramatically increases. Prout et al. 7 evaluated Surveillance, Epidemiology and End Results (SEER) data and found that individuals aged 75 years or over with muscleinvasive bladder cancer had a higher prevalence of cardiac disease, prior cancer diagnosis, chronic anemia, and poor American Society of Anesthesiologists (ASA) Physical Status Classification (Box 1) than patients aged under 75 years. As comorbidities could increase the complication rate, they may have a direct effect on the choice of treatment for bladder cancer.
Typically, cancer patients over the age of 70 years do not receive the same care as their younger counterparts, 14 and the literature has offered little guidance with regard to the optimum management of elderly patients. Despite an absence of clear outcome data, older patients with muscle-invasive disease are much less likely to undergo cystectomy than younger patients: among participants in the SEER database, 40-55% of participants less than 75 years of age underwent surgery, whereas surgical rates were only 24% and 16% in those aged 75-79 and 80-84 years, respectively. 7 In a similar analy sis based on SEER data, a significant decrease in the likelihood of undergoing cyst ectomy as a primary treatment was reported, stage for stage, in those aged over 75 years than in those aged 75 years or under. 8 The development of evidence-based patient selection criteria for bladder cancer treatments represents an important goal for the fields of geriatric urologic oncology, hematology-oncology and radiation oncology.
Studies have now evaluated the use of radical surgery in elderly patients ( Table 2 ). The majority of the studies, however, have been retrospective case series, or reports based on large database analyses. Furthermore, although age has been studied as a predictor of clinical outcome, very few participants aged 80 years or older have been included. Moreover, while such elderly individuals often carry a high burden of comorbid diseases and disability, most studies have failed to evaluate the specific contributions of these factors, and merely use chronological age when determining clinical outcomes. Some of the earliest reports simply define 'elderly' as those patients aged over 65, 70 or 80 years, without any additional clinical information used to help better define this particular subset of older adults. [15] [16] [17] 
REVIEW
The largest case series that included contemporary data reported on 10,807 patients with invasive bladder cancer who were identified in the SEER database from 1992-2004. 18 Patients were stratified by age groups of below 60, 60-69, 70-79 and over 79 years. A total of 8,034 patients underwent cystectomy, while 2,077 had radiation therapy as primary treatment. Patients in the oldest age group were least likely to undergo cystectomy, and those elderly patients who did had no significant overall survival advantage (18 months) compared with those who did not (15 months). Interestingly, when older patients were stratified by the extent of lymph node dissection, the minimal benefit of cystectomy was erased in those patients who had limited or no nodal dissection. The authors also found that the benefit of cystectomy over radiation therapy was negligible for those older than 79 years.
Another large study evaluated 888 patients from multiple centers, with data gathered from 1984 to 2003. 19 The median patient age was 66 years, with 266 (30%) patients aged 70-80 years but only 51 (6%) patients aged over 80 years. Increasing age was associated with more-advanced pathologic stage and a lower likelihood of receiving adjuvant therapy, and was an independent predictor of adverse outcomes.
Another series of 404 patients aged over 70 years (352 aged 70-79 years, 52 aged ≥80 years; median age 74 years) was compared with data from 762 patients under 70 years of age: patients aged 70 years or older had a significant decrease in overall survival at 3 and 5 years following cystectomy compared with patients aged less than 70 years. 20 Although cancer recurrence rates were not found to be different between the groups, cancer-specific survival rates were not reported. In this study, despite the decrease in overall survival in older patients, the authors concluded that properly selected elderly patients can not only undergo, but may also potentially benefit from, radical cystectomy. The investigators also included only patients deemed to be in "good health", with little or no additional health or performance status informa tion provided. How the findings from this study can be applied by future investi gators and clinicians is not clear.
Several smaller studies have now included the ASA Physical Status Classification and/or ageadjusted Charlson comorbidity index (ACCI) (Box 1) in an attempt to better character ize those patients deemed elderly (Table 2) ; however, age was still the primary stratification tool used, and no attempt was made to correlate outcomes to physiologic measures (e.g. mobility performance), which have been shown to strongly predict frailty, future dis ability and adverse outcomes in older adults. 21 Soulié et al. 22 conducted one such study, and they reported on 73 patients aged over 75 years who underwent cystectomy; however, these elderly patients represented only 13% of the overall cohort. Although perioperative mortality was low, early and late complication rates American Society of Anesthesiologists (ASA) physical status classification a 1 A normal, healthy patient 2 A patient with mild systemic disease 3 A patient with severe systemic disease 4 A patient with severe systemic disease that is a constant threat to life 5 A moribund patient who is not expected to survive with or without the operation 6 A declared brain-dead patient whose organs are being removed for donor purposes
Age-adjusted Charlson comorbidity index (ACCI)
■ Weight 1 for the following comorbid conditions: myocardial infarction, congestive heart failure, peripheral vascular disease, cerebral vascular disease, dementia, chronic obstructive pulmonary disease, connective tissue disease, ulcer disease, mild liver disease and diabetes ■ Weight 2 for the following comorbid conditions: hemiplegia, moderate or severe renal disease, diabetes with end-organ damage, any tumor, leukemia and lymphoma ■ Weight 3 for moderate or severe liver disease ■ Weight 6 for metastatic solid tumor or AIDS ■ Weight 1 for each decade over age 40 years
Karnofsky performance status (KPS; %)
Able to carry on normal activity and to work; no special care needed: 100: Normal; no complaints; no evidence of disease 90: Able to carry on normal activity; minor signs or symptoms of disease 80: Normal activity with effort; some signs or symptoms of disease Unable to work; able to live at home and care for most personal needs; varying amount of assistance needed: 70: Cares for self; unable to carry on normal activity or to do active work 60: Requires occasional assistance, but is able to care for most of his/her personal needs 50: Requires considerable assistance and frequent medical care
Unable to care for self; requires equivalent of institutional or hospital care; disease may be progressing rapidly: 40: Disabled; requires special care and assistance 30: Severely disabled; hospital admission is indicated although death not imminent 20: Very sick; hospital admission necessary; active supportive treatment necessary 10: Moribund; fatal processes progressing rapidly 0: Dead a Used for assessing a patient before surgery.
REVIEW
were 38.4% and 45.6%, respectively, with a prolonged median hospital stay of 34 days. After a median follow-up period of 14.4 months, the overall mortality rate was 31.5%. These findings are similar to those reported by Gamé and colleagues, 23 who reported results from their series of 25 patients aged 75 years or older who underwent cyst ectomy. Perioperative morbidity and mortality rates were lower than reported by Soulié and colleagues, 22 but the median hospital stay was 24 days and the overall mortality rate at 14 months was 32%. Likewise, Zebic et al. 24 reported a median hospital stay of 36 days with a median survival of 2 years in a series of 53 patients over 75 years of age who underwent cystectomy. Median survival stratified by ASA Physical Status Classification score was 2.2 years for ASA 2, 1.6 years for ASA 3 and 70 days for ASA 4. Koppie et al. 25 reported the use of the ACCI as a stratification tool for assessing outcomes after cystectomy in the elderly. An institutional database review from 1990 to 2004 identified 1,121 patients who underwent cystectomy. The authors reported that, while overall survival after cystectomy decreased with increasing ACCI scores, no significant associ ation was found between ACCI and progression-free survival.
To date, only two studies have addressed how functional geriatric assessment relates to radical cystectomy outcomes. In a retrospective case series of 44 patients aged over 80 years, Stroumbakis et al. 26 reported a 6-month rehospital ization rate of 66%, a median survival of 25 months, and a drop in Karnofsky performance status (KPS; Box 1) score from 70% at baseline to 65% at both 1 and 3 months post surgery. The other study by Weizer et al. 27 evaluated a contemporary series (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) of 152 patients aged 70 years or older, including 33 (22%) patients over 80 years, treated for muscle-invasive disease. In total, 106 patients underwent cystectomy either as primary or secondary treatment. KPS was assessed before definitive treatment, and was then correlated with outcomes. The authors found an overall 4-year survival rate of 14% for those with a KPS below 80%, compared with 33% for those with a KPS above 80%. Median survival for the entire cohort was 22 months. In a multivariable analysis that included age, KPS, marital status, treatment type, mobility and disease stage, the only independent predictor of overall survival was the KPS score. Patients with a KPS score below 80% had a 1.8-fold increase in the risk of death from any cause compared with those with a better performance status. This finding held true regardless of the definitive treatment chosen (cystectomy, external beam radiation therapy or chemotherapy) for patients with a KPS score above 90%. Interestingly, age as a categorical variable only approached, but did not reach, significance in predicting overall survival. Although a type II (false negative) error is possible, these findings demonstrate that functional status and related factors are at least as important, if not more important, than an individual's birth date in predicting clinical outcome in patients with muscle-invasive bladder cancer.
MECHANISTIC INTERACTIONS BETWEEN BLADDER CANCER AND AGING
Several broad hypotheses have proposed potential mechanisms for the association between cancer and aging, whereby the biological pro cesses of aging could influence the development and/or progression of cancer in older adults. The processes interact at multiple levels; for example, tumor protein 53 (p53)-a tumor suppressor-is involved in both cancer and aging: alteration of the p53 gene (TP53) is the most frequently encountered mutation in human cancers (including bladder cancer), and the efficiency of the response to p53 has been found to vary according to age. In a mouse study, Feng et al. 28 reported that the efficiency of the p53 response was significantly reduced in older mice compared with their younger counter parts. The reduced response predominantly resulted from decreased trans criptional activity and p53-dependent apoptosis; decreased stabilization of p53 after stress was found to be the major factor in this decline.
Age-related changes in mutational frequency and epigenetics may also contribute to the develop ment of bladder cancer in later life. Stuart et al. 29 used the Big Blue® lacI transgene in vivo mouse model (Stratagene, La Jolla, CA) to measure mutational frequency. They found that mutational frequency in the bladder increased with age at a rate greater than any other tissue examined, but that the spectrum of mutations in the bladder was identical to those found in younger animals. These findings indicate that the mutations seen in the older mice originated from the DNA lesions that occurred at an earlier time point, and accumulated during replication rather than with genetic damage over time. Furthermore, no remarkable age-related mutational changes resulting from oxidative damage, changes in the fidelity of DNA polymerase, or the efficiency of DNA repair were observed. Taken together, these data indicate that oxidative damage or accumulation of errors in nuclear DNA do not contribute to bladder aging or bladder cancer.
DNA hypermethylation of the promoter regions of tumor suppressor genes has been the most common epigenetic alteration studied. Typically, DNA hypermethylation leads to gene silencing, and, in the case of tumor suppressor genes, results in unchecked cellular replication. Cytosine-guanine linear nucleotide (CpG) island methylation has previously been shown to have a potential role in the pathogenesis of bladder cancer and patients' outcomes. [30] [31] [32] In 2007, Marsit et al. 33 reported on the prevalence of epigenetic silencing of 16 tumor suppressor genes in a population-based incident case series of 331 patients with bladder transitional cell carcinomas. Age, male sex and smoking were significantly, positively associated with the methyla tion latent trait. In turn, this epi genetic trait was significantly associated with tumor stage and grade, and an increased risk of death. The protein encoded by the gene deleted in bladder cancer 1 (DBC1) is a putative tumor suppressor. Loss of hetero zygosity on chromosome 9 is frequently found in bladder cancer, and DBC1 has been mapped to this region and noted to have multiple CpG islands in exon 1. Habuchi et al. 34 reported that CpG hyper methylation of DBC1 was found in 52% of bladder cancer specimens examined, yet CpG hypermethylation did not correlate with tumor stage or grade. Weak methylation was found in normal urothelium, and increased with age. A possibility is that DBC1 hypermethylation is an early event, and accumulation over time may lead to an age-related, hyper methylation-based field defect in normal urothelium. Bornman et al. 35 evaluated the role of CpG hyper methylation gene silencing in the decreased expression of E-cadherin, which has been reported in aggressive bladder cancer. The authors found hypermethylation in 43% of tumors evaluated, and they also noted lowlevel hypermethylation in normal urothelium in 3 out of 9 patients; all 3 patients were aged 70 years or older.
Finally, in a case-control model, Gu et al. 36 explored the role of aging on the mRNA expression levels of the four major protectors of genomic integrity; p53, ataxia telangiectasia mutated, telomerase reverse transcriptase and telomeric repeat binding factor 2. When the study participants were divided by age (<57, 57-65 and >65 years), the expression levels were reported to decrease with advancing age in patients with bladder cancer, as well as relative to control cases. The authors suggested that attenuated genomic maintenance mechanisms might lead to increased risk for the development of bladder cancer in the elderly via the resultant increase in genomic instability. These studies are summarized in Table 3 .
FUTURE DIRECTIONS AND RESEARCH PRIORITIES
Elderly adults with bladder cancer are faced with difficult choices with regard to the optimum management of their condition. Health-care providers need to consider the unique needs of older patients with bladder cancer. When facing any potentially catastrophic illness, issues related to functional independence and quality of life must be considered, as these factors may assume an importance equal to or even greater than that of survival. Many studies fail to include clinical outcome measures that are truly meaningful for older adults; therefore, these studies are not able to appreciate the tremendous variability between individuals as they age. As the earlier discussion indicates, aging represents a very large risk factor for the development of bladder cancer, and may also increase the likelihood of muscle-invasive disease. Nevertheless, based on the available evidence, comorbidity, functional status and frailty may represent far better predictors of undesirable outcomes than chronological age alone. With these considerations in mind, future studies of elderly patients will need to incorporate these other dimensions of health status, as is normally done in the context of a geriatric assessment. 37 Clinical domains that should be assessed include function, objective measures of physical performance, comorbidity, nutrition, social support, cognition and depression.
A number of the above domains have been incorporated into a geriatric condition called 'frailty'. 21 Frailty is a syndrome that reflects increased vulnerability and risk of future adverse outcomes such as disability, hospitalization and death. Frailty results from cumulative declines in multiple physiologic systems, and frail patients have a reduced capacity to maintain normal homeostasis in response to common challenges. 38 A frailty score, based on measures of unintentional weight loss, sense of exhaustion, weakness, low physical activity and slowed walking speed, 21 has been studied in a number of different contexts, and needs to be evaluated for its ability to predict the outcome of different types of treatment in older adults with bladder cancer. The nature of the relationship between frailty and cancer also needs to be defined, given the potential contribution of cancers or cancer treatments to frailty. 39 Moreover, shared inflammatory mechanisms may contribute to the pathogenesis of frailty, aging-related changes involving the bladder, and cancer. Chronic bladder inflammation seems to be a significant risk factor for both bladder cancer and detrusor underactivity with urinary retention. 40, 41 Detrusor under activity is known to increase with aging in both men and women, yet is more common in men, possibly due to outlet obstruction from the prostate. 42 Chronic urinary retention resulting from detrusor underactivity could plausibly lead to increased inflammation in the setting of enhanced exposure to a carcinogen. Chronic inflammation in the form of elevated levels of circulating proinflammatory cytokines, such as interleukin 6, has been linked to frailty, and provides a biomarker predictive of future disability. 43 Whether these conditions share common mechanisms that could ultimately be treated with targeted therapy, and whether frailty measures can help provide an evidencebased framework for improving the treatment of older adults with bladder cancer, remains to be seen.
CONCLUSIONS
The optimum management of bladder cancer in the elderly remains unknown. The literature to date indicates that aging may have an adverse 26, 27 which could be as important as, or more important than, survival for some patients. The mechanisms behind the high risk of developing bladder cancer are only beginning to be explored at the basic science level. A research agenda that incorporates agerelated changes in the bladder, as well as treatment outcomes based on measurable criteria of frailty, will begin to help shed light on this costly and lethal disease that is most commonly seen in the geriatric population.
KEY POINTS
■ The annual number of bladder cancer cases in the US is increasing, with the elderly representing the largest group at risk ■ While age seems to adversely affect treatment outcomes for patients with all stages of bladder cancer, the optimum management of geriatric patients remains unclear ■ The majority of the data for treatment outcomes in elderly patients come from retrospective data analyses that are limited by selection biases and lack of a true assessment of physiologic reserves in the elderly ■ Current research into the etiology of bladder cancer in the elderly indicates a potential role for epigenetic events that accumulate over time, as opposed to repeated genetic damage ■ Future research agendas should be established to study the biology and physiology of aging as it relates to the development and progression of bladder cancer in the elderly, from the perspective of both basic mechanistic and clinical outcomes trials
